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ABSTRACT: Rate constants of solvolysis ofa-tert-butyl(2-naphthyl)methyl chloride (1), 9-fluorenyl chloride (2) and
a series of monosubstituted benzhydryl chlorides (3) in a wide range of solvents were measured. Grunwald–Winstein-
type correlation analysis of logk for 2 and3 againstYBnCl, with or without nucleophilicityN, yielded less satisfactory
linear correlations than that against logk(1). A new scale of solvent ionizing power,YxBnCl, for the correlation of
solvolytic reactivities of benzylic chlorides with extended charge delocalization based on logk(1) was developed.
Application to the mechanistic study suggested the solvolysis of2 and 4-nitrobenzhydryl chloride were non-limiting.
Hammett plots against�� constants exhibited more negativer values in less nucleophilic solvents. In a benzhydryl
chloride containing a strong deactivating substituent, such as 4-nitro, the positive charge delocalizes mainly over the
unsubstituted ring in the cationic transition state. The uneven charge distribution was also confirmed by Mulliken
population analysis at the level of the RHF/6–31G*//RHF/3–21G(*) basis set for cations. Comparison of the results of
correlation analysis using the equation log(k/k0) = mYvs the equation log(k/k0) = mY� hI, and using the equation
log(k/k0) = mY� lN vs the equation log(k/k0) = mY� lN� hI indicated the use ofYBnCl or YxBnCl could give a better
understanding of solvolytic mechanisms than the combinatorial use ofYCl andI.  1998 John Wiley & Sons, Ltd.

KEYWORDS: Solvolysis; Grunwald–Winstein-type analysis; Hammett-type analysis;YxBnCl scale; 1-aryl-1-
phenylmethyl cations; Mulliken population analysis

INTRODUCTION

Correlation analyses of solvent effects on solvolytic
reactivities with single- or dual-parameter Grunwald–
Winstein equation1,2

log�k=k0� � mY �1�
log�k=k0� � mY� lN �2�

have been widely employed in mechanistic studies. The
empirical parameterY, the solvent ionizing power has
been found to be leaving group dependent, and a large
number ofYX scales have been determined.3 Observa-
tions of dispersion in logk–YX plots have been
interpreted by a possible variation of solvation effects,4,5

or by mechanistic changes, such as the presence of
general base catalysis6 or ion pair return.7 Recent studies
on the solvolysis of benzylic substrates led to the
necessity of establishing newYBnX scales for benzylic
bromides,8 chlorides,9 p-nitrobenzoates10 and tosylates.11

Nucleophilic solvent intervention could be concluded
from the observation of depression of the points
corresponding to logk measured in ethanol–trifluoro-

ethanol systems by using equation(1),8,10 or from the
improvement of linear correlations by using equation (2)
with an appropriateN scale.11

Later work on the solvolysis of substituted naphthyl-
methyl tosylates indicated the dependence of solvation on
the extent of charge delocalization in the cationic
transition state.12 Another approach by Kevillet al.13

was to add a new term, the aromatic ring parameterI,
based on the solvolysis of (4-methoxybenzyl)dimethyl-
sulfonium ion, to the original Grunwald–Winstein
equations for correcting the observed dispersion:

log�k=k0� � mY� hI �3�
log�k=k0� � mY� lN � hI �4�

More recently, we developed aYxBnBr scale for the
correlation of solvolytic reactivities of bromides, such as
benzhydryl bromides, having extended charge delocali-
zation in the transition state.14 The advantage of using
YBnBr or YxBnBr [equation (1) and (2)] overYBr and I
[equation (3) and (4)] in correlation analysis has also
been demonstrated.14

In an extension of our studies on the solvolysis of other
benzylic substrates with extended delocalization in the
cationic transition state, we found it necessary to
establish a similarYxBnCl scale based on logk values
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for a-tert-butyl(2-naphthyl)methyl chloride(1). Applica-
tion to the mechanismof solvolysis of 9-fluorenyl
chloride (2) andbenzhydrylchlorides(3) is reportedin
this paper.

RESULTS

Chlorides 1–3 were preparedfrom the corresponding
alcohols by treatmentwith thionyl chloride in carbon
tetrachloride.Elemental analysesfor new compounds

and spectraldata for all substrateswere found to be
compatiblewith the assignedstructures.Conductimetric
or, in somecases,titrimetric first-order rate constants

Table 1. Pertinent rate constants for solvolyses of chlorides 1±3

k (25°C) (sÿ1)

Solventa 1 2 3ab 3b 3c 3d 3e

100E 7.10� 10ÿ9c 1.27� 10ÿ3 5.42� 10ÿ5 1.25� 10ÿ6d 4.28� 10ÿ8d

90E 4.84� 10ÿ8c 1.06� 10ÿ2 4.79� 10ÿ4 2.49� 10ÿ6c 3.43� 10ÿ7c

80E 1.99� 10ÿ7c 3.01� 10ÿ7c 4.20� 10ÿ2 1.95� 10ÿ3 3.56� 10ÿ5 1.06� 10ÿ5c 1.30� 10ÿ6c

70E 5.90� 10ÿ7c, 9.23� 10ÿ7c 6.03� 10ÿ3 9.02� 10ÿ5 2.96� 10ÿ5 4.59� 10ÿ6c

60E 1.71� 10ÿ6c 2.93� 10ÿ6c 1.59� 10ÿ2 3.02� 10ÿ4 7.22� 10ÿ5

90A 4.84� 10ÿ10c 9.47� 10ÿ5 4.40� 10ÿ6c

80A 6.80� 10ÿ9c 5.86� 10ÿ9c 1.64� 10ÿ3 7.17� 10ÿ5 1.20� 10ÿ6c

70A 4.94� 10ÿ8c 5.09� 10ÿ8c 1.21� 10ÿ2 5.10� 10ÿ4 8.94� 10ÿ6 3.43� 10ÿ6c 3.39� 10ÿ7c

60A 2.72� 10ÿ7c 3.19� 10ÿ7c 6.16� 10ÿ2 2.76� 10ÿ3 4.80� 10ÿ5 1.68� 10ÿ5 1.95� 10ÿ6c

50A 1.93� 10ÿ6c 2.31� 10ÿ6c 6.65� 10ÿ1c 1.38� 10ÿ2 2.83� 10ÿ4 8.07� 10ÿ5 9.71� 10ÿ6

100M 1.16� 10ÿ7c 1.98� 10ÿ2 8.10� 10ÿ4 1.93� 10ÿ5 5.21� 10ÿ6c 5.40� 10ÿ7d

90M 6.34� 10ÿ7c 4.23� 10ÿ7c 9.16� 10ÿ2 3.65� 10ÿ3 9.16� 10ÿ5 2.43� 10ÿ5 2.51� 10ÿ6c

80M 2.26� 10ÿ6c 1.48� 10ÿ6c 3.26� 10ÿ1c 3.14� 10ÿ4 8.56� 10ÿ5 7.91� 10ÿ6c

60M 2.09� 10ÿ5 2.13� 10ÿ5 6.56� 10ÿ4 7.60� 10ÿ5

100T 2.82� 10ÿ4 5.92� 10ÿ5 1.47� 10ÿ2 2.99� 10ÿ3 5.44� 10ÿ5

80T20E 2.53� 10ÿ5 9.54� 10ÿ6c 1.19� 10ÿ1 1.77� 10ÿ3 3.84� 10ÿ4 1.17� 10ÿ5

60T40E 1.97� 10ÿ6c 1.38� 10ÿ6c 7.57� 10ÿ1c 1.47� 10ÿ2 2.47� 10ÿ4 6.19� 10ÿ5 2.52� 10ÿ6c

40T60E 2.74� 10ÿ7c 2.08� 10ÿ7c 7.03� 10ÿ2 2.10� 10ÿ3

a E = ethanol;A = acetone;M = methanol;T = trifluoroethanol.Numbersrepresentpercentagecomposition.
b Ref. 41.
c FromArrheniusplotsof dataat othertemperatures.
d Ref. 15.

Table 2. Correlation analyses of log k vs YCl and YBnCl

Parameter 1 2 3a 3b 3c 3d 3e

YCl n 18 14 13 15 14 14 14
m 0.876 0.893 0.794 0.763 0.724 0.694 0.578
�a 0.100 0.121 0.151 0.110 0.108 0.096 0.067
r 0.909 0.906 0.847 0.888 0.889 0.902 0.928

YBnCl n 18 14 13 15 14 14 14
m 0.957 0.838 1.03 0.932 0.833 0.745 0.618
�a 0.028 0.064 0.048 0.04 0.039 0.028 0.061
r 0.993 0.967 0.988 0.988 0.987 0.992 0.946

a Standarddeviation.

Figure 1. Correlations of log k for (*) 1 and (D) 3d vs YBnCl
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were measuredat least in duplicate.In general,experi-
mental errors within �2% were observed.Ethanolysis
and methanolysisrate constantsfor 3a–c are in good
agreement(within 5%) with literature data.15 A larger
deviation,however,wasfoundfor 3b in certainaqueous
acetoneand aqueousethanolsolutions.5 Pertinentdata
aregiven in Table1.

Regressionanalysesof log k values against YCl
3

showed a poor correlation (r < 0.93) in every case.
Although 1 and 3d gave excellent linear correlations
(r > 0.990)with YBnCl,

9b,16theresultsfor otherswereless
satisfactory(Table2). Further,it is obviousfrom Fig. 1

that thereis a separationof the line definedby aqueous
acetoneanda line definedby othersolventsfor 1 and3d.
This could be confirmedby statisticalanalysis,17 shown
in Table3.

Similarly to benzhydrylbromides,14,18excellentlinear
relationshipswereobtainedfrom log k–log k(1) plotsfor
3a–d.Therefore,a new YxBnCl scaleof solventionizing
powers based on log k values for a-tert-butyl(2-
naphthyl)methyl chloride (1) can be developed.The
valuesaregiven in Table4 andtheresultsof correlation
analysisfor 2 and3 againstYxBnCl usingequation(1) are
summarizedin Table5.

The observedlinear relationshipsfor 3a–d against
YxBnCl were confirmed by statistical analysis,17 and
representativeexamplesare given in Table 6 and Fig.
2. For both 2 and 3e, the log k–mYxBnCl plots deviated
from linearity and correlationanalysesusing the dual-

Table 3. Statistical analyses of the linearity of log k vs YBnCl for 1 and 3d

Substrate Solvent n m �a r Degreesof freedom jtj value CL (%)

1 Aqueousacetone 5 1.02 0.026 0.999 } 4 11.5 >99.9
All others 13 0.885 0.007 1.00

3d Aqueousacetone 3 0.921 0.020 1.00 } 6 13.9 >99.9
All others 11 0.724 0.027 0.994

a Standarddeviation.
b Confidencelimit.

Table 4. YxBnCl values

Solvent YxBnCl Solvent YxBnCl

100E ÿ1.45 50A 0.987
90E ÿ0.614 100M ÿ0.234
80E 0.000 90M 0.503
70E 0.472 80M 1.06
60E 0.934 60M 2.02
90A ÿ2.61 100T 3.15
80A ÿ1.47 80T20E 2.10
70A ÿ0.605 60T40E 0.996
60A 0.136 40T60E 0.139

Table 5. Correlation analyses of log k vs YxBnCl

2 3a 3b 3c 3d 3e

n 14 13 15 14 14 14
m 0.875 1.02 0.954 0.889 0.812 0.682
�a 0.050 0.034 0.021 0.020 0.025 0.068
r 0.981 0.994 0.997 0.997 0.994 0.945

a Standarddeviation.

Table 6. Statistical analyses of the linearity of log k vs YxBnCl for 3a and 3b

Substrate Solvent n m �a r Degreesof freedom jt jvalue CL (%)b

3a Aqueousacetone 5 1.05 0.022 1.00 } 10 0.770 <80
All others 8 1.03 0.068 0.987

3d Aqueousacetone 3 0.860 0.037 0.999 } 3 1.73 <85
All others 11 0.820 0.029 0.994

a Standarddeviation.
b Confidencelimit.

Figure 2. Correlations of log k for (*) 3c vs YxBnCl
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parameterequation(2) againstYxBnCl or YBnCl, andNT
19

or NOTs
20 [equation(2)] werecarriedout.Theresultsare

given in Table7.
Hammettplots of log k valuesfor 3a–e against��

constants;21

log�k=k0� � ��� �5�
gaveexcellentlinear correlationsin a variety of solvent
systems(Table8). Comparisonsof solvolytic reactivities
in 60%trifluoroethanol–40% ethanolandin 50%acetone
areillustratedin Table9. To estimatethepositivecharge
distributionin carbocation,a numberof ab initio calcu-
lationsfor cationsderivedfrom 3 werecarriedout. The

resultsof Mulliken populationanalyses22 at the level of
the RHF/6–31G*//RHF/3–21G(*) basissetarepresented
in Table10.Similarresultswereobtainedfrom molecular
electrostaticpotential23 and natural population analy-
sis.24

Treatment of rate data for 1–3 with the multi-
parameterequations(3) and(4) yieldedtheresultsgiven
in Table11.

DISCUSSION

Solvolysisof secondarya-tert-butylbenzylsubstrateswas
in general consideredto proceedvia a limiting SN1
mechanism,11,12,14,18,25–27with someexceptionssuchas

Table 8. Hammett-type analyses against �� constants

Solvent n �a r

100E 4 ÿ4.11 0.077 1.00
80E 5 ÿ4.20 0.091 0.999
70E 4 ÿ4.06 0.279 0.995
70A 5 ÿ4.21 0.088 0.999
60A 5 ÿ4.18 0.099 0.999
50A 5 ÿ4.40 0.186 0.997
100M 5 ÿ4.20 0.060 1.00
90M 5 ÿ4.19 0.064 1.00
80M 4 ÿ4.26 0.040 1.00
80T20E 4 ÿ5.12 0.266 0.997
60T40E 5 ÿ4.93 0.117 0.999

a Standarddeviation.

Table 9. Comparison of k values in solvents with similar Y
but different N values

k (25°C) (sÿ1)a

Substrate 50Ab 60T40Ec Rateratio

3a 6.65� 10ÿ1 7.57� 10ÿ1 0.878
3b 1.38� 10ÿ2 1.47� 10ÿ2 0.938
3c 2.83� 10ÿ4 2.47� 10ÿ4 1.15
3d 8.07� 10ÿ5 6.19� 10ÿ5 1.30
3e 9.71� 10ÿ6 2.52� 10ÿ6 3.61

a FromTable1.
b YxBnCl = 0.987;YBnCl = 1.23.
c YxBnCl = 0.996;YBnCl = 1.18.

Table 7. Correlation analyses of log k vs different Y and N

Substrate Y, N n m �a l �a r

2 YBnCl, NT 14 1.03 0.068 0.295 0.079 0.986
YxBnCl, NT 14 0.991 0.055 0.186 0.063 0.990
YBnCl, NOTs 13 1.00 0.056 0.351 0.081 0.988
YxBnCl, NOTs 13 0.990 0.036 0.261 0.051 0.995

3e YBnCl, NT 14 0.869 0.066 0.375 0.082 0.982
YxBnCl, NT 14 0.914 0.085 0.320 0.095 0.973
YBnCl, NOTs 13 0.843 0.037 0.473 0.059 0.993
YxBnCl, NOTs 13 0.912 0.052 0.444 0.074 0.985

a Standarddeviation.

Table 10. Calculated atomic charges for cations derived
from 3a±e.

X

Carbon 4-Me H 3-Cl 3-CF3 4-NO2

C-1 0.221 0.232 0.241 0.243 0.250
C-2 ÿ0.055 ÿ0.048 ÿ0.042 ÿ0.054 ÿ0.034
C-3 0.120 0.104 0.138 0.146 0.078
C-4 0.020 0.038 ÿ0.079 ÿ0.098 0.140
C-5 0.223 0.139 0.171 0.180 ÿ0.157
C-6 0.007 0.041 0.052 0.044 0.146
C-7 0.121 0.110 0.101 0.114 0.089
C-8 ÿ0.045 ÿ0.048 ÿ0.050 ÿ0.049 ÿ0.051
C-9 0.088 0.111 0.114 0.114 0.142
C-10 0.036 0.041 0.039 0.040 0.045
C-11 0.126 0.140 0.151 0.153 0.173
C-12 0.040 0.037 0.043 0.044 0.043
C-13 0.097 0.105 0.121 0.124 0.136
Pha 0.342 0.385 0.418 0.425 0.489
Arb 0.436 0.383 0.341 0.332 0.261

a Total chargeon the phenylring.
b Total chargeon thearyl ring.
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phenolysis of a-tert-butyl(4-methoxy)benzyl p-nitro-
benzoate28 and acetolysisof the correspondingchlor-
ide.29 Similarly to the correspondingbromide14 and
tosylate,12 the solvolysis of a-tert-butyl(2-naphthyl)-
methyl chloride (1) is also likely to involve a limiting
mechanismwith positivechargedelocalizationoverboth
rings in the transition state. Although the regression
analysisin Table 2 indicateda poor linear correlation
with YCl (r = 0.909) but an excellent linear correlation
with YBnCl (r = 0.993)for 1, anobvioussplitting of lines,
onefor aqueousacetoneandonefor all others,couldbe
found(Fig. 1). The separationof lines canbeconfirmed
by statisticalanalysis17 to haveaconfidencelevelgreater
than99.99%(Table3).Similaranalysiswasalsofoundto
beapplicablefor 3d. A differencein thesolvationof the
cationictransitionstateswith differentextentsof charge
delocalization,suchas(2-naphthyl)methylcation(4) and
benzyl cation (5), is the likely explanationas hasbeen
suggestedin our previouswork.12,14

Interesting results were also observed from the
solvolysis of 9-fluorenyl chloride (2) and monosubsti-
tuted benzhydrylchlorides(3). Like the corresponding
bromides,14,18,30good linear relationshipscould not be
found for log k vs YCl [equation(1)], as was shownin
Table 2. Deviationsfrom linear correlationswith YBnCl

were observed for 2,3a–c and 3e. A unimolecular
mechanismhasgenerallybeenacceptedfor interpreting
the solvolysis of benzhydryl halides,15 p-nitrobenzo-
ates,31 mesylates32 and dimethylsulfonium ion,33 and

also the solvolysis of 9-fluorenyl bromide34 and tosy-
late.35 Our recentstudies,however,indicatedsignificant
nucleophilic solvent intervention in the solvolysis of
monosubstitutedbenzhydryl bromides containing a
strongelectron-withdrawinggroup,14,18 and in the case
of 9-fluorenylbromide.30 Moreover,a new YxBnBr scale
was found to be necessaryto correlate the solvolytic
reactivitiesof 2 and3.14 It seemsto be justified to solve
the presentproblem by a similar approach.Excellent
linear relationshipswereobtainedfrom log k vs log k(1)
plotsfor 3a–d,andanewYxBnCl scaleof solventionizing
powersbasedon log k valuesfor 1 could be developed
(Table4).

Theresultsof regressionanalysesof log k valuesfor 2
and3a–eagainstYxBnCl usingequation(1) aregiven in
Table 5. Excellent linear correlations(r = 0.994–0.997)
werefoundfor 3a–d.Theresultsof statisticalanalysis17

in Table6 confirmthelinearity of thelog k vsYxBnCl plot
for 3a and d. The limiting SN1 mechanismin the
solvolysisof 3a–dis confirmedby theobservedmvalues
of 0.8–1. An example of a Grunwald–Winstein plot
[equation(1)] is illustratedin Fig. 2. The applicationof
equation (2) was then examinedfor 2 and 3e. It is
interestingthatdespitetheclaim of a generalpreference
for usingNT in dual-parametercorrelations,19 thedatain
Table7 indicatethattheuseof NOTs

20 wouldgiveabetter
linearcorrelationandoffer a moreplausibleexplanation.
For instance,the combinationof NOTs and the newly
developed YxBnCl values yielded an excellent linear
relationship (r = 0.995) with a reasonable l value
(0.261) for 2. Extensivechargedelocalizationthrough
the whole ring systemand the presenceof significant
nucleophilicsolventinterventionat thereactioncenterin
the transitionstateare likely, ashavebeenfound in the
solvolysisof 9-fluorenylbromide.30

On the otherhand,the useof eitherNT or NOTs with
YxBnCl in equation (2) gave less satisfactory linear
correlations(r = 0.97–0.98in Table7) for 3e. Regression

Table 11. Correlation analysis against YCl, N and I

Substrate Parameter n m �a hb �a lc �a r

1 YCl, I 17 0.874 0.052 1.72 0.247 0.980
YCl, I, NT 17 0.926 0.070 1.83 0.263 0.122 0.109 0.982

YCl, I, NOTs 15 0.878 0.074 1.75 0.311 0.113 0.142 0.979
2 YCl, I 14 0.863 0.085 1.03 0.283 0.958

YCl, I, NT 14 1.07 0.093 1.37 0.242 0.314 0.103 0.979
YCl, I, NOTs 13 1.04 0.069 1.50 0.231 0.400 0.103 0.986

3a YCl, I 12 0.898 0.065 1.85 0.253 0.979
3b YCl, I 14 0.801 0.057 1.45 0.236 0.976
3c YCl, I 14 0.726 0.057 1.39 0.245 0.973
3d YCl, I 13 0.705 0.065 1.03 0.224 0.964
3e YCl, I 13 0.581 0.071 0.405 0.328 0.933

YCl, I, NT 13 0.749 0.103 0.777 0.340 0.277 0.136 0.954
YCl, I, NOTs 12 0.749 0.082 0.949 0.343 0.393 0.150 0.968

a Standarddeviation.
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analysis using NOTs and YBnCl resulted in a linear
relationship with r = 0.993. Again, similarly to the
correspondingbromide,14 the presentfinding of a better
correlationwith YBnCl thanwith YxBnCl maybeattributed
to thesmallerextentof positivechargedistribution.It is
likely that in a benzhydryl chloride containing strong
electron-withdrawing group,suchas4-nitro, the charge
delocalizesmainly over the unsubstitutedphenylring in
thecationictransitionstate.Consequently,YBnCl, instead
of YxBnCl, is thechoicefor thecorrelations.

Previouswork on the solvolysis of monosubstituted
benzhydrylchloridesshowedan excellent linear Ham-
mett-type plot against �� constants,with r =ÿ4.13
(propan-2-ol),ÿ4.15 (ethanol)andÿ4.22 (methanol).15

In thepresentstudy,Table8 alsoindicateslinearlog k vs
�� plots [equation (5)] with similar r values in
nucleophilic solvents (ÿ4.10 to ÿ4.26). The r value
becamemore negative (ÿ4.93 to ÿ5.12) in the less
nucleophilic ethanol–trifluoroethanolsolvent systems.
Representativeexamplesin Fig. 3 demonstratedincreas-
ing reactivities for substrateswith a more electron-
donating group. Moreover, comparison of the rate
constantsk in solventsof similar solventionizingpowers
but different solvent nucleophilicities (Table 9) also
indicates a greater rate enhancementin the more
nucleophilic solvent, 50A, for less reactivesubstrates.
Thelargeinfluenceof solventnucleophilicityin thecase
of 3emight accountfor thesmallmvaluefor 3e in Table
5. Further,thepresentresultsgive anadditionalexample
that the linear relationships against �� constants
[equation(5)] are not sensitiveto nucleophilic solvent
intervention, as has already been noted in tert-cumyl
systems.36

To confirmtheabove-mentioneddifferencein positive
charge distribution for carbocationsgeneratedfrom
different substrates,a numberof ab initio calculations
were carriedout. Chargeson hydrogenswere summed
into the attached carbons. The results of Mulliken
populationanalyses22 at the level of the RHF/6–31G*//
RHF/3–21G(*) basis set for 1-aryl-1-phenylmethylca-

tionsderivedfrom 3a–earesummarizedin Table10.The
positive chargeon C-1 is nearly the samefor different
cations.However,the chargedistribution in the mono-
substitutedaryl ring decreasesfrom 0.436for 4-methylto
0.383 for 4-hydrogen,0.341 for 3-chloro, 0.332 for 3-
trifluoromethyl and 0.261 for 4-nitro. In contrast,an
increasing order of change in charge distribution is
realizedin theunsubstitutedphenylring.Moreimportant,
morepositivechargeis foundin thearyl ring (0.436)than
in the phenyl ring (0.342) for the cation containingan
electron-donating4-methylgroup,whereasmorepositive
chargeis foundin thephenylring (0.489)thanin thearyl
ring (0.261) for the cation containing an electron-
withdrawing4-nitro group.Theseresultsof calculations
are in harmony with the conclusion drawn from the
correlationanalysesof solvolytic ratedata(seeabove).In
addition, molecularelectrostaticpotential23 and natural
populationanalysis24 gavesimilar results.37

The dual-parameterequation (3) and the multi-
parameterequation(4) were also applied to examine
thesolvolytic behaviorof 1–3. Both NT andNOTs scales
wereemployed.Sincein Table11 only moderatelygood
linearcorrelations(r = 0.95–0.98)with YCl andI, or with
YCl, I and NT, were obtained, no close relationship
betweenthe outcomeof theseregressionanalysesand
solvolytic reactivities could be found. Therefore, in
addition to the deficiencies already discussed,38 the
presentresultssuggestanotherdisadvantagefor using
the aromaticring parameterI in the correlationanalysis
of reactivities.

EXPERIMENTAL

Capillary melting points are uncorrected.Proton and
carbon-13 nuclear magnetic resonancespectra were
measuredon a Bruker Model AM-300 or AC-200
instrumentusing tetramethylsilaneas internal standard.
Infrared spectrawere measuredusing a Perkin-Elmer
Model 983G spectrometer.Elemental analyseswere
performedby theMicroanalyticalLaboratoryatNational
TaiwanUniversity.

Materials. Solventsfor kinetic studieswereof spectralor
reagentgradeand were purified accordingto standard
methods.39 Reagent-gradesolventsand chemicalswere
usedfor generalpurposes.Doubly deionizedwaterwas
usedto prepareaqueoussolventsystemsfor solvolysis.
a-tert-Butyl(2-naphthyl)methyl chloride (1) was pre-

pared from the reaction of thionyl chloride with the
correspondingalcohol,whichhadbeenobtainedfrom the
Grignardreactionof 2-naphthylmagnesiumbromidewith
2,2-dimethylpropanoyl chloride in tetrahydrofuran.A
white solid of m.p. 74–75°C and correct elemental
analysis(found,C 77.12,H 7.22%;C15H17Cl requiresC
77.41,H 7.36%)wasobtained.

9-Fluorenylchloride(2), m.p.149–150°C (lit.40 147–

Figure 3. Correlations of log k for 3a±e vs �� constants
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148°C) waspreparedby the treatmentof commercially
available 9-fluorenol with thionyl chloride in carbon
tetrachloride.

Monosubstituted benzhydryl chlorides 3a–e were
obtainedaccordingto the following procedures.Com-
mercially available benzophenoneswere reduced by
sodium borohydrideto the alcohols,which were con-
vertedinto thecorrespondingchloridesby treatmentwith
thionyl chloride followed by purification by column
chromatographyor vacuumdistillation. 4-Methylbenz-
hydryl chloride(3a), benzhydrylchloride(3b), 3-chloro-
benzhydrylchloride(3c) and4-nitrobenzhydrylchloride
(3e) are known compounds.15 An acceptableelemental
analysis(found,C 61.91,H 3.67%;C14H10F3Cl requires
C 62.12,H 3.70%)wasobtainedfor the newcompound
3-trifluoromethylbenzhydryl chloride(3d).

Infrared,protonandcarbon-13NMR datafor 1–3were
found to beconsistentwith theassignedstructures.

Kinetic Measurements. Conductimetricand titrimetric
rateconstantsweremeasuredasdescribed.9b
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